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EFFECT OF INDOMETHACIN-TREATED WHEAT ON A
WILD POPULATION OF MONTANE VOLES
Rodnev
Abstract

— Semiweekly

R. Seeley

and Timothy D. Reynolds"

mark and recapture livetrapping was conducted July-October 1985

to

determine the

effectiveness of wheat treated with indomethacin, a prostaglandin synthetase inhibitor, to control the productivity of a
wild population of montane voles (Microtus montanus) in southeastern Idaho. Refore treatment, control (C) and

experimental (E) groups, each on ca 0.3 ha, were statistically equal in population size (x ± SD; C = 50 ± 21, E = 45 ±
14), adult female male ratio (C = 1:0.8, E = 1:0.7), juvenile:adult ratio (C = 0.16:1, E = 0.13:1), number of juveniles
per 100 females (x ± SD; C = 27 ± 8, E = 21 ± 18), and percentage of pregnant females (x ± SD; C = 44 ± 10, E =
46 ± 17). After the 15-week experiment all population categories were unchanged for the control group and
significantly (P ^ .05) lower for the experimental group, which ended with a final population of (x ± SD) 17 ± 6, with
:

7

±

21 juveniles per 100 females and an 11

± 14% pregnancy

The peak phase of most cyclic microtine
populations is relatively short in duration
(Krebs et al. 1973) but can result in dramatic
changes in habitat (Freeland 1974, Summerhayes 1941, and others). These changes are
especially obvious and troublesome when the
rodents infest economically or aesthetically
valuable lands. At such times the offending
rodent species generally is considered a pest,
and efforts are usually made to reduce the
population by various lethal biological, mechanical, and/or chemical control methods
(Byers 1985).
Many nonlethal

compounds have been

tested as chemosterilants to regulate productivity in pest

rodent species. Most of these

compounds

are natural or synthetic estrogens, progestins, and steroids or their deriva-

Andrews et al. 1974, Austin and
Bruce 1956, Brooks and Bowerman 1971,
Dziuk 1960, Gwynn 1972a, 1972b, Gwynn
and Kurtz 1970, Howard and Marsh 1969,
Kendle et al. 1973, Kind and Dorfman 1965,
Kind et al. 1965, Marsh and Howard 1969,
Mischler et al. 1971, Storm and Sanderson
tives (e.g.,

1970).

Some

of the

compounds

successfully

reduced fecundity of pest species. But, because of bait aversion and/or short duration of
action, these are not routinely used for widespread rodent control (German 1985).
Prostaglandin synthetase inhibitors are a
group of compounds that can prolong gesta-

rate.

tion (Liggins et

(Armstrong and
et

al.

al.

1973), inhibit ovulation

Grinwich

1974, Diaz-Infante et

1972,
al.

Bowring

1974, Wallach

al. 1975), and reduce the release of gonadotropin-releasing hormone from the hypo-

et

thalamus (Chobsieng et al. 1975, Ojeda et al.
1979). Indomethacin is a nonsteroidal, anal-

compound

that inhibits prostaglandin
recognized as a relatively nontoxic compound that can effectively inhibit
reproduction in wild and captive populations of deer mice, Peromyscus maniculatus
(Seeley 1983). The effect of indomethacin on
reproduction in wild populations of other rodent species has not been previously studied.
The objective of this study was to determine
the effect of indomethacin-treated wheat on
the reproduction and survival of a wild population of montane voles (Microtus montanus)
in southeastern Idaho.

gesic

synthesis.

It is

Materials and Methods

The study was conducted about 65 km

NNW

of Pocatello, Bannock Co., Idaho, on
the U.S. Department of Energy's Idaho
National Engineering Laboratory (INEL).
Fieldwork was performed 14 July-25 October
1985 on nearly equal-sized control and ex-

perimental plots (ca 0.33 ha) about 450 m
apart and separated by several roadways and
rows of buildings. Both plots were portions of

'Department of Biological Sciences, Idaho State University, Pocatello. Idaho 83209
Department of Energy, 785
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cultivated lawns, dominated by Poa spp. that
were mowed weekly and irrigated daily until
mid-September. Lawns were surrounded by
pavement or buildings, with each separated
,

from native sagebrush-grassland vegetation
by a roadway on one side only. At the onset of
the study the vole population on the INEL
was in the second year of high-population

The sitewide population subsequently crashed during the 1986-87 winter
(B. L. Keller, Idaho State University, personal communication; T. D. Reynolds, unpublished data).
density.

Longworth

live

traps

were

employed

simultaneously on both plots, 86 on the control area and 84 on the experimental plot. The
trapping matrices were relatively small because of limited usable lawn space. Traps
were placed approximately 3 m apart adjacent
to rows of aboveground irrigation pipe separated by about 5 m. Traps were generally
located near active vole burrow openings and
runways that were common within 0.5 m of
the irrigation pipe. Traps were set two
evenings weekly (Sunday and Wednesday)
and checked the following mornings. Traps
were either locked open or, to accommodate
the lawn maintenance crew, removed from
the study area between trapping sessions.

Approximately 20-30 g of whole wheat was
maintained as bait in traps on the control area
throughout the study. Additional wheat was
scattered near the trap sites. In the experimental area, untreated wheat was placed in
the traps for the first two weeks (four trapping
sessions) to familiarize the animals with the
novel food source. Indomethacin-treated
wheat was then placed in and near the experimental traps for the remainder of the study.
Wheat was treated by dissolving 10 grams of
indomethacin (Sigma Chemical Co., St.
Louis, Missouri) in 300 ml acetone and stirring the mixture into 3.5 kg whole wheat until
the acetone evaporated. The indomethacin
appeared evenly distributed as a white powder on the grains of wheat at the original concentration of about 0.29% indomethacin (2.9
g/kg wheat).

The sex and age (adult or juvenile) were
determined and recorded for all voles capThe reproductive condition of females
(pregnant or not) was also recorded. Voles
tured.
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>

20.0 g were considered adults.
were placed in one
ear of each newly captured vole prior to release at the point of capture. At the end of the
study the minimum population (number of
voles known alive), including individual tallies of adult and juvenile male and female
voles, was enumerated (Krebs 1966) for each
trapping session. Because the time required
for the effects (if any) of indomethacin on pro-

weighing

Numbered

fingerling tags

ductivity to be measurable was unknown, data
were divided into three periods of 10 trapping

sessions (five weeks) each for analysis.

not

We did

know how much indomethacin-treated

wheat each animal would consume. But,
based on Seeley s (1983) data for deer mice,
we concluded that experimental animals would
receive an effective dose of indomethacin in
less than three weeks. Because we baited with
untreated wheat during the four initial trap
sessions (two weeks), the first five weeks of
the study thus provided the

initial

population

data for both study areas and was called the
Baseline period. The second 10-trap session
(five

weeks) constituted a Transition period.

Productivity and/or survivability of some, but

not necessarily

all,

voles might have

been

in-

fluenced by the drug during this period.
Therefore, although means for the Transition
period were calculated to document trends,
these data were omitted from statistical analyses.
If it took three weeks for the indomethacin-treated wheat to reduce fertility
or inhibit ovulation, it would take about five
more weeks (the gestation plus the preweaning period of montane voles; Bailey 1924,
Hoffmann 1958, Jannett 1978) before effects
of indomethacin, as determined by the number of juveniles entering the trappable population, could be measured with confidence.
We therefore called the final 10-trap session
the Effect period.
Because little is known about the effects of
indomethacin on wild rodent populations, we
analyzed our data with several objectives. We
felt that examining both absolute and relative
(% of the total number of animals) abundances
of subsets (e.g., F, M, ad, and juv) of the
control and experimental populations would
best elucidate the specific portions of the
populations affected by the drug. The minimum population was analyzed with a two-way

Use of trade names and supplies does not imply endorsement of commercial products.

Great Basin Naturalist

558

Vol. 49, No. 4

Student-

ferent

between Baseline and

Newman-Keuls Multiple Range Test (Zar
1984). Time period (Baseline and Effect) and

(Table

1).

treatment (with or without indomethacintreated wheat) were the independent variables. Similar tests were performed for the

crease in the total

analysis

relative

known

of variance

number

followed by

(%) and

minimum number

alive of the subsets

composed of adult

males, adult females, and juveniles, as well as
the percent of the females that were pregnant
and the number of juveniles captured per 100
adult females. Because percentages and proportions form a bimodal rather than a normal
distribution (Zar 1984), an arcsine transformation (Freeman and Tukey 1950) was performed before comparing all percentage data.
Moreover, outlying data points were identified and omitted from analysis following the
methods of Dixon (1950). A level of significance of P < .05 was selected for rejection of
all

The

control group experienced a slight in-

number of animals known
during the Transition period. The number of adult males and females known alive in
the control group remained constant throughout the study, while fluctuations in the number of juveniles within the control group paralleled the population fluctuations.
The
alive

relative

number

and juveremained relaabout 38:48:14 throughout

of males, females,

niles in the control population
tively constant at

the study.

The proportion

of females that

were pregnant and the number of juveniles
per adult female were also constant over the
study.

The total number of animals known alive in
the experimental group remained relatively
stable during the Baseline

and Transition pe-

riods, declining significantly in the Effect pe-

hypotheses.

riod (Table

Results

The two-way

Effect periods

ANOVA

yielded significant
comparisons between subsets of the two study groups
except the number of adult males known
alive, juveniles known alive, and juveniles per
100 females. For each of these population subsets the simple (main) effect of treatment was
significant for comparisons between groups.
interaction effects (P

>

.05) for all

Because there were only two levels of treatment, a follow-up test was not needed (Cody
and Smith 1987) to conclude that there were
fewer adult males, juveniles, and juveniles
per 100 females after indomethacin-treated
wheat was provided to the experimental
group. Significant interaction for the other

comparison indicated that either the simple
effect of treatment or the simple effect of time
period was different between groups for each
subset. Main effects of treatment and time
period were both significant for all remaining
comparisons. Because the expression of treatment effects is coupled to a change in time
these results indicate a significant
change in all subsets of the treatment group
between the beginning and the end of the
period,

study.
All population parameters for the control
group were no different at the end of the study
than at the beginning, while all parameters for
the experimental group were significantly dif-

1).

The number

of males declined

by about 25% over the study, while the number of females declined about 80%. Juvenile
numbers declined nearly 90%. The proportion of males, females, and juveniles in the
experimental group fluctuated significantly
from an initial ratio of 37:53:10 to a final ratio

The proportion of pregnant females successively declined throughout the
study. The number of juveniles per 100 adult
females was significantly lower during the

of 68:31:1.

Effect period.

The control and experimental populations,
although the same in all respects at the beginning of the study, differed in all respects at the
end of the study (Table 1). The two indices of
productivity, the proportion of adult females
that were pregnant and the number of juveniles per 100 adult females, were both significantly greater in the control than in the experimental group in the Effect period.
Discussion

The experimental and control groups were
equal for all parameters examined during the
Baseline period. Thereafter the population
structure and dynamics of the two groups differed. We have no data to suggest that subsequent differences were the result of inherent
group differences

in

demography, physiol-

ogy, or predation. Considering the proximity
of the study groups to each other and the

October 1989
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wheat on montane voles. Means ± SD) are for five-week (10-trap session)
minimum number known alive enumerations for each
(

Baseline, Transition, and Effect periods, calculated from

population subset.

Subset

Baseline

Transition

Minimum number of voles
Control
Experimental

Minimum number

50.4
44.6
of adult males

Control
Experimental
Relative

(

A2

14 4 iA

17.7

(7.6)A

15.9

(4.4)A

number of adult males

Control
Experimental

Minimum number
Control

(%)
34.5

36.8
of adult females
26.0

Experimental
Relative

(20. 6)

23.7

(3.5)A
(5.8)A

(10.9)A
(8.7)A

number of adult females

Control
Experimental

(%)
51.6

(4.6)A

52.7

(5.5)A

Minimum number of juveniles
Control
Experimental
Relative

number ofjuveniles

6.7

(2.8)A

5.0

(3.6)A

(%)
13.8

(3.2)A
Control
10.4
(7.8)A
Experimental
Proportion (%) of pregnant adult females
Control
44.5
(10.3)A
46.5
(16.8)A
Experimental
Number of juveniles per 100 adult females
27.3
Control
(8.3)A

Experimental

21.1

(18.2)A

61.4

41.9

Effect
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3 adult females (67%), clearly a misleading
ratio. When the outlier was omitted, as it was
for the statistical comparisons, the average
number of juveniles per 100 females was only
0.8

±

2.4.

Although

it

is

possible that after

weeks with no juveniles entering the
experimental population, two were produced, it is likely that these two individuals
were immigrants from surrounding areas diseight

persing into the sparsely occupied experimental site during the Effect period. The closest suitable habitat was ca 100 m from the
experimental site.
Differences over time within each study
group demonstrated group trends in population dynamics. The slight changes in the minimum number of voles known alive within the
control group most likely represented normal, annual population fluctuations (Johnson
1987). Fluctuations in our data for juveniles

mimic the control group

as a

whole and

indi-

cate that control population changes resulted
from differences in the number of juveniles

entering the control population.
The experimental group followed a different pattern. The number of juveniles entering
the population never increased and, in fact,
decreased significantly during the Effect period. The number of females known alive, the
proportion of females, and the percentage of
pregnant females within the experimental
group decreased from one study period to the
next. The number of adult males known alive
declined only in the Effect period, although
the proportion of the experimental group represented by adult males increased. This suggests that females in general, and pregnant
females in particular, may have been less
resistant to any toxic effects of the indomethacin-treated wheat than males. The
significant decrease within the experimental
group of juveniles per 100 adult females during the Effect period does not indicate
whether this was the result of decreased fecundity of individual females or fewer gravid

females in the population.
Regardless of the mechanism, productivity
and recruitment in the experimental group
were significantly less than in the control
group. The steady and significant decrease in
the proportion of pregnant females in the
experimental group, coupled with the decreased number of juveniles per adult female,
suggests that indomethacin-treated wheat can
reduce both the incidence of pregnancy and

Vol. 49, No. 4

montane
and consequently reduce population

individual reproductive output of
voles

We conclude that differences within the control population (e.g.,
slight increase followed by significant decrease in total population and juveniles) represented normal annual population changes
(Johnson 1987), while differences between
the groups and within the experimental group
were the result of the latter feeding on indomethacin-treated wheat.
This study was not designed to test vole
acceptance or avoidance of bait treated with
indomethacin. However, the steady decline
over nearly four months observed in the experimental group strongly suggests that animals were not avoiding the treated bait. Biweekly baiting with indomethacin-treated
wheat throughout the experiment was part
of our study design. Using indomethacintreated wheat to control other populations of
montane voles may be neither time nor energy efficient. Whether less frequent applications of the treated wheat would produce
similar results is unknown. Among other legal
and biological considerations, dose rates and
effects on nontarget species need to be investigated before indomethacin could be legitimately considered an effective rodent-control
agent. The results of our research indicate
that additional studies are warranted.
levels substantially.
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